The High Altitude Water Cherenkov (HAWC) Observatory is an air shower array located near the volcano Sierra Negra in Mexico. The observatory has a scaler system sensitive to low energy cosmic rays (the geomagnetic cutoff for the site is 8 GV) suitable for conducting studies of solar or heliospheric transients such as Ground Level Enhancements (GLEs) and Forbush decreases. In this work we present the simulation of the HAWC response to these phenomena. We computed HAWC effective areas for different array configurations (different selection of photomultiplier tubes per detector) relevant for Forbush decreases and GLEs.
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INTRODUCTION
There are two types of solar events related to Galactic Cosmic Rays (GCR) that have been studied using ground-based instruments: Forbush decreases and Ground Level Enhancements (GLE) of cosmic ray intensity >1 GeV. Forbush decreases are produced by large magnetic structures propagating in the interplanetary medium which block and deviate the charged GCR particles, resulting in a deficit in the GCR intensity at Earth. GLEs, on the other hand, represent the high energy extension of Solar Energetic Particles (SEPs) which may be produced either in the lower solar corona during flare events, or by shocks produced by Interplanetary Coronal Mass Ejections. At present, the accelerating mechanism(s) that gives rise to SEPs and/or GLEs is still a subject of debate. Moreover, the exponential rollover (or exponential cutoff) of GLE spectra at very high energies remains an open question.
Neutron monitors distributed around the world at different cutoffs are useful for measuring the energy spectrum of GLEs. However, the information provided by these instruments is limited. They are omnidirectional counters with no angular sensitivity. They come in two different versions with different sizes and are located at many different altitudes, producing a sensor array with many different geomagnetic and atmospheric cutoffs or thresholds. The problems are greatest when trying to measure the spectrum during the anisotropic phase of a GLE, when only a few stations register a signal. The use of "non standard" GCR detectors, such as muon telescopes and air shower arrays like HAWC add a new dimension to the observations to address GLEs. Both air shower arrays and muon telescopes are directionally sensitive and can yield information about the GLE anisotropy. When used in proximity to a neutron monitor, such an instrument, even in an omnidirectional mode, provides an independent measure of the intensity at a different rigidity threshold. Two pairs of neutron monitors now provide a similar function, those at Mt. 
HAWC
The High Altitude Water Cherenkov (HAWC) Observatory is an air shower detector located at 4,100 m a.s.l, N 18 • 59 48 , W 97 • 18 34 . Build in the skirts of Sierra Niegra, Puebla in Mexico it consists of 300 steel Cherenkov detectors 7.3 m diameter and 4.5 m deep. Each tank is filled with filtered water and the total detector comprises an extension of 22, 000 m 2 . The construction of the observatory started in 2011 and it was inaugurated in March 2015. During its construction phases HAWC has been continuously acquiring data with a growing detector. The observatory has a high duty cycle (> 95%) and an instantaneous field of view of ∼ 2 sr.
Every day HAWC detects millions of cosmic-ray and gamma-ray showers produced when a primary charged particle or gamma ray enters the Earth's atmosphere. Since secondary particles produced in air showers travel faster than the velocity of light in water, they produce Cherenkov radiation in the detectors and four photomultiplier tubes (PMT) installed in the bottom of each tank detect Cherenkov photons. Each tank has 1 high quantum efficiency PMT located in its center and three lateral PMTs. HAWC data is collected by two data acquisition systems (DAQs). The main DAQ measures arrival times and time over thresholds of PMT pulses which allows for the reconstruction of the air shower arrival direction and energy of the primary particle. The secondary DAQ consists of a scaler system that registers each time the PMT is hit by > 1/4 photoelectron charge. This simpler system allows to measure particles below the energies of reconstructable showers.
HAWC demonstrated its capability for detecting solar transient events. During the HAWC prototype phase (VAMOS), a Forbush decrease was registered. VAMOS consisted of seven tanks [3] . At present, HAWC has observed around 5 Forbush decreases. In this paper we perform simulations of Forbush decreases and GLEs using different subarrays of the detector (PMT combinations) to understand the response of the HAWC scaler system to solar related phenomena
HAWC SCALER SIMULATION
We begin by simulating the development of the secondary particle cascade produced by primaries using CORSIKA [4] . 20 million primary protons were simulated with energies between 5 GeV and 2000 TeV at zenith angles between 0 • and 75 • . Next, simulation of the particle propagation through the tanks is performed using GEANT-4 [5] . Finally, the response of the electronics is simulated. We considered in our simulations three hundred tanks with different numbers of PMTs corresponding to different subarrays of the detector. The effective area of the configurations are obtained by counting the hits in all PMTs. Figure 1 shows the effective area of the scaler system for the PMT sets indicated in the figure. As expected, the effective area scales with the number of PMTs used in the calculation. To simulate the count rate S of the detector, the convolution of A e f f with the desired spectrum J was computed. S can be expressed as follows:
P(GV)
where P cut is the geomagnetic cutoff rigidity, 8 GV.
FORBUSH SIMULATION
On 2014 September 14 HAWC registered a double-step Forbush decrease (Figure 2 ). The colours represent mean relative count rates of the HAWC scaler system, using different PMT combinations.
The mean rate of each PMT configuration was obtained as follows: The mean counts per second are computed for each PMT in the array, then, we compute the mean rate in each set of PMT configurations (ABCD,ABD,C etc). Finally, taking as reference value (i.e. 100%) the mean rate value observed during two days after the Forbush decrease (September 18 and 19), we compute the percentage of variation for each PMT configuration as seen in Figure 2 . We took two days after the Forbush decrease because there was insufficient data prior to the Forbush decrease.
Below, we describe our simulations of the HAWC scaler system before the Forbush decrease and the decrease at its minimum (September 14). These are referred as S bkg and S For respectively. For context, we show the force-field parameter φ from the force-field formalism developed for cosmic ray modulation in the heliosphere [6] . Based on the force-field approach, ∆φ parameterizes the galactic spectrum J gal for different dates using the March 1987 spectrum as a reference (φ = 0). We derived ∆φ following the same procedure as described by [7] , using neutron monitor data. For the March 1987 spectrum we used the same spectrum derived by [7] . This was obtained using measurements from PAMELA and IMP8 and fitting the data to the following double power law equation:
The units of J(P) and J 0 are primaries/m 2 s sr GV . The parameters used to fit the proton spectrum from March 1987 and other spectra used in this work are presented in Table 1 .
Rig. Range march 1987 minimum 14000 0.96 1.5 -2.7 2.8 0.7 < P < 10 4 (∆φ = 0 GV) sept 1989 maximum 14000 3.1 1.7 -2.7 1.2 0.7 < P < 10 4 (∆φ = 0.55 GV) sept 2014 maximum 14000 1.3 1.44 -2.7 2.2 0.7 < P < 10 4 (∆φ = 0.23 GV) sept 14, 2014 (FD) maximum 14000
1.78 1.44 -2.7 1.8 0.7 < P < 10 4 (∆φ = 0.5 GV) To simulate the counts measured by HAWC before the Forbush decrease, S bkg , the galactic cosmic ray spectrum from September 2014 was obtained using ∆φ = 0.23 GV (see Table 1 ) and then convolved with the effective area (see equation 3.2). As pointed out by [8] , the force-field approximation can be applied to obtain cosmic-ray spectra during Forbush decreases. The spectrum from the minimum of the Forbush decrease (September 14, 2014) was calculated using ∆φ = 0.5 GV and inserted in equation 3.2 to obtain S For . For comparison, we computed the fractional decrease in counts (S bkg − S For )/S bkg for our simulations and also for real HAWC data. These results are shown in Table 2 .
GLE SIMULATION
We simulated the HAWC scaler response to GLE No. 42, 1989 September 29. This GLE was one of the largest in the past several decades, being detected by fifty-two neutron monitors and six muon telescopes, indicating a hard spectrum. To simulate the background counts observed by HAWC scalers we used the GCR spectrum J gal from September 1989 obtained with ∆φ = 0.55GV (see Table 1 ). On the other hand, the GLE spectrum can be expressed as J GLE = J gal + J s where J s represents the solar particle spectrum. To simulate the delayed component of GLE 42 we used a power law spectrum J s = J 0 E −γ where J 0 = 2.5 · 10 5 and γ = 4. This spectrum is close to other spectra reported in literature [9] [10] . We insert J s in equation 3.1 to obtain the excess in expected counts observed by the HAWC scalers. In Table 2 we summarize the fractional increase of the GLE during its maximum peak obtained from the simulation. As indicated in Table 2 , we obtained a maximum value of 44.4% for PMT set ABCD. Due to the hard spectrum, the event was observed in several low-latitude neutron monitors, such as Mexico City, where the maximum peak registered an increase of 44.2%.
CONCLUSIONS
HAWC is an air shower array sensitive to galactic and extragalactic gamma rays and cosmic rays. Due to its high altitude and location, it is well suited to perform studies of solar phenomena related to cosmic rays. HAWC has a large effective area and its design allows for different PMT configurations, or subarrays, representing different thresholds used in evaluating the spectrum of a transient. As a first step, we simulated two solar and heliospheric transients: GLEs and Forbush decreases.
We simulated the fractional decrease during the FD from September 14, 2014. The simulated rates are in agreement with HAWC data for several PMT combinations. For the GLE simulation, we could only compute the response to an archival event, and we found that it also reproduced the correct increase for the nearby Mexico City NM (rigidity cutoff=8.15 GV). Using a solar spectrum J s similar to spectrum reported in the literature for GLE 42, we found that HAWC would have easily registered GLE 42. It is important to note that, as pointed out by [10] , even for this event it is still difficult to calculate a precise spectrum for GLEs, i.e., we cannot distinguish between a power-law and exponential form at these energies. As a test, we tried different spectra J with slight changes in J o and γ (not shown here) and in some cases there were important variations in the expected counts. However, in all cases, HAWC was always able to detect GLE 42. To see any exponential rollover, one must employ lower energy data from spacecraft as was done by [2] .
